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　 　Iron ion-promoted silica solid acid catalysts active for α-methylstyrene dimerization were
characterized by XRD and Fe K-edge XANES/EXAFS spectroscopic techniques.  The possible
active species were proposed.  The 1 mol % of iron to Si was incorporated in catalyst samples,
which was prepared by sol-gel process using iron chloride and tetraethylorthsilicate (TEOS) as the
sources.  The incorporated trivalent iron species were characterized as tetrahedral FeOxCl4-x , and
excess loaded species were aggregated to form α-Fe2O3 during drying process at 403 K.  The fraction
of [FeOxCl4-x], [FeCl6] and [FeO6] species in the catalyst samples were determined by the least-
squares analysis of XANES.
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　α-メチルスチレン二量化反応に活性を示す鉄ゾル－ゲル法にて調製した鉄シリカ触媒をX線回折およびX線











































Fig.1　Catalysis of iron-silica catalyst samples6,9).
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Fig.2　Results of α-methylstylene dimerization over Fe-SiO2 catalyst (a) FS-I(w) and  (b) FS-VI(w) at 353 K.
Catalyst: 100 mg, α-methylstylene: 1 mmol, heptanes: 5 mL.  The 3 mL of reaction media was filtered to remove
catalyst at the reaction time 1 h, and the filtrate liquid phase was kept at 353 K.  Solid line:  in the presence of Fe-SiO2
catalyst; dashed line: in the absence of catalyst.




wt% 373 K 353 K
1 FS-I(w) 1.8 37 redish brown 78 35
2 FS-I 14 4.4 brown 89
3 FS-II(w) 1.4 46 redish brown 96 59
4 FS-II 7.6 8.3 brown 96
5 FS-III(w) 3.9 16 redish brown 87 47
6 FS-III 4.0 16 redish brown 82
7 FS-IV(w) 0.7 99 ivory 82 31
8 FS-IV 1.8 37 redish brown 92
9 FS-V(w) 0.9 77 ivory 77 11
10 FS-V 1.0 68 ivory
11 FS-VI(w) 0.4 170 ivory 79 13
12 FS-VI 0.4 160 ivory 82




aAtomic ratio of mother gel solution.  bCatalyst: 100 mg,  Π-methylstylene: 1
























FS-I(w) , -II(w), -III(w)のEXAFSスペクトルの形状
はα-Fe2O3と類似し，動径構造関数には明確な第
二配位圏のピークが2 Å以遠に観察された．仕込


























Fig.3　Cu Kα XRD pattern of (a) α-Fe2O3, iron silica catalysts (b) FS-I(w), (c) FS-II(w), (d) FS-III(w), (e) FS-IV(w),




Fig.4　Fe K-edge k3-weighted EXAFS spectra of Fe compounds and Fe-SiO2 catalysts, and their Fourier transforms.
(a) α-FeOOH, (b) γ-Fe2O3, (c) α-Fe2O3,  iron silica catalysts (d) FS-I(w), (e) FS-II(w), (f) FS-III(w), (g) FS-IV(w),



































Fig.5　Fe K-edge XANES spectra of (a) FeO, (b)
FeCl2·4H2O, (c) α-FeOOH, (d) γ-Fe2O3, (e) α-Fe2O3,
(f) FePO4, (g) FeCl3, Fe-SiO2 catalysts (h) FS-I(w),



















































Fig.6　Composition of iron species in
iron silica catalysts obtained by least-












仮定し，FS-VI(w)についてA: α-Fe2O3 + FePO4+










は上述の通り，k = 8 Å-1付近に beat-nodeが観察
される．EXAFSの基本公式の振動成分は，散乱
原子の位相シフトが同じであれば結合距離の差






















































































（Table 1, Entry 13）． シリカに固定化された
FeO2Cl2からClが脱離すればLewis酸としても機
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